Clinical nutrition is concerned with the diagnosis and treatment of diseases that affect the intake, absorption, and metabolism of dietary constituents and with the promotion of health through the prevention of diet related diseases. Adult diseases of clinical nutrition encompass the most common causes of mortality in the developed world and include obesity with its co-morbidities of hypertension, diabetes, dyslipidemias, increased risks of cardiovascular disease, some cancers, and pulmonary failure; intestinal disorders related to inadequate nutrient absorption; eating disorders; and malnutrition associated with chronic illness and surgical trauma. Scienti®c advances on the relationship of dietary substances to the cellular mechanisms of disease occur with regularity and frequency. Yet, despite the prevalence of nutritional disorders in clinical medicine and increasing scienti®c evidence on the signi®cance of dietary modi®cation to disease prevention, present day practitioners of medicine are typically untrained in the relationship of diet to health and disease. In the absence of reliable medical advice on nutrition, patients increasingly turn to herbal dietary supplements, costly diet schemes for weight reduction, and other unproved and potentially harmful remedies. Standardization of curricula for nutrition education of medical students and trainees and the provision of knowledgeable clinical nutrition specialist educators and role models in medical institutions is increasingly relevant to the cost-effective integration of nutritional concepts into medical practice.
Introduction
Integration of clinical nutrition into the curricula of medical education is essential to the production of future generations of medical practitioners who will recognize and effectively utilize proper diets for the prevention and often the treatment of common diseases. This report updates a previous publication (Halsted, 1998) and will review the evidence for the essentiality of clinical nutrition to medicine, the risks of medical and public ignorance of the relation of nutrition to health, and potential future strategies towards the goal of integrating nutritional principles and knowledge into medical practice. Re¯ecting the background of the author, this report will focus on the relevance of clinical nutrition to adult medical practice.
Relevant highlights in the history of clinical nutrition
If not the science, the philosophy of clinical nutrition was ®rst espoused by Hippocrates who taught in the 4 th century B.C. that health can only be assured by proper diet and hygiene (Garrison, 1956) . Students of the classics will realize that the word diet derives from the Greek daita, which translates to healthful living according to proper selection of food and shelter. Perhaps the ®rst clinical investigation in recorded history was performed two millennia later by James Lind, the British naval surgeon who discovered that sailors suffering from scurvy could be cured by a 6-day ration of oranges and lemons while other groups of patients met their demise while consuming selected shipboard dietary staples or seawater (Lind, 1772) . Subsequent classical clinical nutrition investigations in the last hundred years include Eijkman's discovery of thiamine as the missing factor in development of beriberi in consumers of polished rice (Eijkman, 1897 ), Goldberger's discovery that pellagra was not infectious but could be cured by replacing corn staple by a balanced diet (Goldberger, 1922) , and the discoveries of Minot, Murphy, and Castle on the extrinsic liver source of vitamin B12 and the gastric source of the intrinsic factor required for its absorption (Minot & Murphy, 1926; Castle, 1929) . Later, the Dutch pediatrician Dicke made the remarkable observation that children who suffered from celiac disease improved their nutritional status during the Dutch grain famine of World War II, but later developed fat malabsorption when experimentally exposed to wheat extract (Dicke et al, 1952) . This insight lead to the entire understanding of celiac disease as a deleterious intestinal response to gluten in genetically susceptible individuals.
While these discoveries represent milestones in our knowledge of the importance of speci®c dietary constituents to disease, each occurred through the observations of one or more individuals working in separate contexts of public health or medicine, while the later puri®cation and descriptions of each of the vitamins were mostly the works of biochemists. Rather than evolving as a de®ned clinical entity, nutritional concepts and diseases were diffused into the multiple medical specialties that developed in the 1950's and 1960's, including endocrinology, hematology, gastroenterology, pediatrics, and surgery.
The birth of clinical nutrition in the United States may have occurred in 1959 at the founding of the American Society for Clinical Nutrition (ASCN) by a small group of academic physician members of the American Institute of Nutrition (many of whom held prominent positions in our medical schools at the time) and the initiation of the American Journal of Clinical Nutrition (AJCN) (Halsted, 1989) . Promoted by this nucleus of respected clinical scientists, academic clinical nutrition established a ®rm niche at the US National Institutes of Health (NIH), with the opportunity for competitive individual research grant funding in diverse areas. For the past 25 y, the NIH has supported a competitive center grant program for Clinical Nutrition Research Units, each of which provides broad support for development of nutrition research programs at more than 10 US medical schools. Most of the new advances in clinical nutrition science from US medical institutions can be traced to NIH funded research programs, while the AJCN now enjoys the highest worldwide citation index of all peer reviewed nutrition journals. Examples of seminal discoveries and critical ongoing research in clinical nutrition science include recognition of the clinical signi®-cance of obesity and its co-morbidities of diabetes, hypertension, and dyslipidemia as the principal health hazard in developed countries, emerging evidence on the importance of diet or genetically regulated hyperhomocysteinemia in cerebrovascular disease, the roles of dietary antioxidants in prevention of certain cancers or modulation of in¯amma-tory processes, as well as new approaches to understanding the roles of many dietary substances in gene regulation and the expression of disease.
Yet despite increasing awareness of the importance of diet as a major modulating environmental factor in disease, clinical nutrition is an ill de®ned academic discipline that remains out of the mainstream of American medical education and practice. Among 124 US medical schools, only 19% required a course in clinical nutrition in 1976, a level that has remained static at 26% since 1991 (Feldman, 1991; Kushner et al, 1990) . While two thirds of US medical schools provide elective courses in nutrition, these are subscribed by only 10% of medical students in otherwise crowded curricula (Swanson, 1991) . Many governmental reports and societal conferences have addressed the importance of clinical nutrition in the education of future practitioners. For examples, the US National Research Council of the National Academy of Science recommended in 1985 that every US medical school provide a 25 ± 30 h required course in clinical nutrition (National Research Council, 1985) . The relevance of clinical nutrition to medical practice was clearly underscored by the Surgeon General's Report on Nutrition and Health in 1988 which pointed to the relation of improper diet to 5 of the 10 top causes of mortality in the US: coronary artery disease, stroke, cancer, diabetes, and alcoholic liver disease (US Department of Health and Human Services, 1988) . In 1990, the US Congress passed the National Nutrition Monitoring Act which mandated that`students enrolled in United States medical schools and physicians practicing in the United States have access to adequate training in the ®eld of nutrition and its relation to human health' (US Congress, 1990) , a statement that remained hollow in the absence of funding or other means to in¯uence its outcome. Nevertheless, in 1991 the US Department of Health and Human Services established a goal of assuring that more than 75% of primary care physicians would be capable of providing accurate nutritional assessment and monitoring by the year 2000 (US Department of Health and Human Services, 1991) .
Within the world of academic medicine, the advent of methods to provide nutrition support stimulated the development of focused postgraduate clinical nutrition training programs in many academic medical centers. By 1991 some form of nutrition training was present in 160 institutions (Weinsier et al, 1991) , while 38 fellowship programs could be identi®ed in medical, surgical, and pediatric departments in 1993 (Heber et al, 1993) . However, the most recent survey showed that the number of clinical nutrition fellowship training programs in 1997 had diminished to 22, possibly re¯ecting the declining emphasis of all subspecialty training programs in the US (Heimburger et al, 1998) . The American Board of Nutrition is an independent certifying agency that has provided rigorous comprehensive examinations and certi®cation since 1950 to more than 300 physicians who have received basic and clinical training in clinical nutrition. Yet, the numbers of candidates taking each examination has declined in keeping with a troublesome trend towards proliferation of competing examinations under the sponsorship of diverse nutrition societies. Overall, the number of training programs and certi®ed clinicians are clearly insuf®cient, as shown by the continued exclusion of the comprehensive American Board of Nutrition examination by the established American Board of Medical Specialties (Halsted, 1995) .
Why nutrition education is critical to the practicing physician
The relationship of clinical nutrition to medicine Hippocrates had it right; proper diet and other lifestyle choices are essential to the prevention of the most common diseases of modern society in developed countries worldwide (Garrison, 1956) . A 1993 Department of Health and Human Services survey on`the actual causes of death in the United States' traced the three major causes of mortality to tobacco use, improper diet and activity, and the abuse of alcohol (McGinnis & Foege, 1993) . A more recent 1998 comprehensive survey by a special NIH task force determined that overweight (BMI b 25) and obesity (BMI b 30) are present in 55% of Americans over aged 20, that these conditions increase the risks of hypertension, dyslipidemia and heart disease, and adult onset (Type II) diabetes, and that each of these common diseases can be prevented or treated by successful weight loss (Expert Panel, 1998) . These complications are linked metabolically by insulin resistance conditioned by visceral adiposity, such that more than 90% of Type II diabetics and two thirds of hypertensive patients are obese, while elevations in serum triglyceride and very low density lipoprotein cholesterol are linked to reduction in high density lipoprotein in obese patients and increased risk of coronary heart disease. Obesity increases the risk of cancer of colon, rectum, prostate, and adenocarcinoma of the esophagus in men and of the endometrium, uterus, cervix, ovary, gallbladder, and breast in women. The incidence of gallstones is increased twofold in women with BMI b 30 and sevenfold in women with BMI b 40. The severely (`morbid') obese patient with BMI b 40 is subjected to b 2.56 all cause mortality with the additional hypoventilation (`Pickwickian') syndrome with combined right and left sided heart failure. In addition to obesity and its complications, common outpatient clinical nutrition problems seen by most practitioners include general or speci®c nutrient de®ciencies related to anorexia andaor in¯ammation in many chronic diseases, abnormal intestinal absorption in many digestive diseases, and inadequate food intake in elderly patients or in patients with psychogenic eating disorders.
Malnutrition continues to be recognized as a signi®cant component of acute medical illness in 45 ± 62% of hospitalized patients (Naber et al, 1997) , ®gures that are unchanged from surveys performed over two decades ago (Weinsier et al, 1979) . While convincing controlled studies are often lacking, nutrition support has become a standard of care in the inpatient treatment of the postoperative surgical patient, critically ill patients such as those with severe burns or other trauma, and in diseases that compromise digestion such as severe in¯ammatory bowel disease and the short bowel syndrome .
Public perceptions and physician knowledge
In spite of revolutionary 20th century advances in medical science, as we approach the next millennium there continues a vast dichotomy between the perceptions of the public and the understanding of the medical profession on the role of proper nutrition in maintenance of health and the prevention of disease. Potential results of medical ignorance and neglect of dietary counseling include the increasing epidemic of obesity and mortality due to nutritional excess (Kuzmarski et al, 1994) and the increasing popular use of alternative approaches to health in the US and European countries (Eisenberg et al, 1998; Fisher & Ward, 1994) . A recent survey provided the astonishing statistic that fully 42% of adult Americans seek alternative medical approaches, including the use of herbal supplements by 12.1% and megadoses of vitamins by 5.5% (Eisenberg et al, 1998) . The gullibility of the public for unproved remedies is underscored by other surveys showing that less than one-third of adult Americans have more than a rudimentary understanding of the scienti®c process, while about half of adults do not believe in the evolution of humans from other life forms (National Science Board, 1996) . In absence of accurate medical advice, Americans spend 30 billion dollars per year on various unregulated and ineffective obesity treatment programs.
The increasing popularity of herbal dietary supplements and megadoses of vitamins should be viewed with alarm by the medical profession. Apart from its attestation of growing failure of patient con®dence in the medical practice, the use of alternative practices of medicine may carry general andaor speci®c risks. Alternative medical practices are unregulated and untested scienti®cally, and their use generally ignores biological mechanisms (Angell & Kassirer, 1998) . Herbal dietary supplements are speci®cally excluded from the US Food and Drug Administration regulation by a 1994 act of the US Congress, and thus their distributors avoid the requirement of proof of ef®cacy and safety, with the only stipulation that their claims cannot be targeted at a speci®c disease. In absence of regulation, herbal products may contain varied amounts of different and untested substances as well as potentially toxic contaminants (Angell & Kassirer) . Table 1 lists some of the more popular herbals, their purported uses, and their potential toxicities (Tyler, 1993) .
Towards a conscensus on the curriculum for clinical nutrition
Impediments to the acceptance of clinical nutrition in the medical school curriculum are both institutional and inherent to development of a new ®eld of scienti®c discipline. Anyone who has struggled with incorporating clinical nutrition, or any other innovative concept, into the education of medical students recognizes the problems of obtaining the blessings of the School of Medicine administration and of competing with one's faculty colleagues for precious time in the curriculum. The identity and de®nition of clinical nutrition has been inhibited by its historical development as a component of biochemistry and multiple clinical specialties. For example, a recent survey of the physician membership of the American Society for Clinical Nutrition showed a mixture of internists, pediatricians and surgeons, who identi®ed their primary supspecialties as endocrinology, gastroenterology, hematology, neonatology, and critical care (Halsted, 1989) . Programmatic development of clinical nutrition in medical schools typically falls to the faculty member with the greatest interest in nutrition, regardless of the breadth of his or her training and interest in the ®eld. Consequently, clinical nutrition often is cast narrowly in single areas such as hospital nutrition support or weight loss programs for obesity.
In order to address the common need for advancing clinical nutrition education, a group of twenty training program directors from diverse institutions met in 1992 to achieve consensus on de®nition and curriculum. Given the diversity of clinical presentation and therapeutic use, an encompassing de®nition of clinical nutrition was dif®cult to come by. By consensus, clinical nutrition was de®ned as a discipline concerned with the diagnosis and treatment of diseases that affect the intake, absorption, and metabolism of dietary constituents and with the promotion of health through the prevention of diet related diseases (Halsted, 1992) . The consensus group devised an essential frame- The relevance of clinical nutrition education and role models to the practice of medicine CH Halsted work for a medical school curriculum in nutrition that provided both basic science and clinical applications (Table 2) . Beyond the medical school curriculum, the ®eld of clinical nutrition has matured suf®ciently to provide substantial and well circumscribed clinical material for the postgraduate residency training of future practitioners and postdoctoral training of future academic leaders in the ®eld. In-patient residency and fellowship training in adult medicine can emphasize nutritional assessment and strategies for nutrition support of a variety of patients, including preand post-surgical patients, those with cancer, AIDS, acute pancreatitis, in¯ammatory bowel diseases and intestinal malabsorption syndromes, renal and liver failures, and cardiopulmonary complications of severe obesity. This experience should be complemented by outpatient training in the evaluation and management of patients with all levels of obesity and its co-morbidities, dyslipidemias, eating disorders, intestinal malabsorption syndromes, and home nutritional support (Table 3) . Ideally, these clinical experiences should be made available in 2 ± 3 month blocks to resident physicians as a required part of their clinical rotations and to postdoctoral trainees in related subspecialties such as endocrinology, gastroenterology, and critical care medicine. Postdoctoral fellows who select a career in clinical nutrition should be exposed to a minimum of 12 months of clinical training emphasizing nutritional assessment and management of such patients and, in addition, a weekly seminar and journal review, opportunities for didactic lectures on the basic concepts of nutrition science, and at least one additional year of clinical andaor basic research under the direction of the clinical nutrition program director. The practical goal of the postgraduate training programs should be to assure the ability of all future physicians to recognize, assess, and manage the nutritional components of disease and the provision of well trained future academic leaders in the ®eld of clinical nutrition.
Present realities and the relevance of clinical nutrition to medical practice
As we approach the turn of the century, the ®eld of clinical nutrition has an opportunity to provide highly visible leadership to the ongoing crises and changes in public health and the delivery of medical care. We are in the midst of an epidemic of bad nutrition exempli®ed by increasing mortality due to nutritional excesses and increasing public ignorance exempli®ed by the increasing return to medieval remedies for disease prevention through unregulated and inadequately tested herbal diet supplements. At the same time, the majority of medical practitioners remain oblivious to the value of proper diet to maintenance of health. As concluded by the prior conference on nutrition and medical practice, physicians from 11 countries with well developed medical institutions were only vaguely aware of a link between proper diet and health while at the same time frustrated by their lack of practical knowledge of nutrition (Glanz, 1997) . The traditional dichotomy between the practitioner and the academic scientist is even more striking in the face of many exciting and potentially practical discoveries in clinical nutrition. Examples of discoveries that may change the medical approach to illness are many. These include increased understanding of the metabolism of obesity and new obesity genes that promise an effective targeted approach to weight loss; the importance of folic acid and vitamin B12 in a wide variety of diseases including birth defects, hyperhomocysteinemia in cardiovascular disease, and neurodegenerative disorders; the roles of certain antioxidants in prevention of atherosclerosis; and the importance of balanced and modi®ed diets in prevention of certain cancers. The way by which medicine is practiced is undergoing radical change under the rubric of managed care in the United States, a system which emphasizes cost containment as its highest priority. If appropriately met, managed care provides a unique opportunity for clinical nutrition practice which emphasizes effective diet based health maintenance, disease prevention, and management. In each of these contexts, the relevance of academic, professional, and fully knowledgeable leadership in clinical nutrition is increasingly paramount (Jensen et al, 1998) .
The way ahead: role models and new initiatives
Several new initiatives are underway in the US in order to address the urgent need for educational standards and effective and knowledgeable leadership in clinical nutrition. With a grant from NIH, the principal US academic societies recently established an Intersociety Professional Nutrition Education Consortium with the immediate goals of assuring consensus on uniform standards of postgraduate training and certi®cation of future leaders in clinical nutrition by a single examining board (Intersociety Professional The relevance of clinical nutrition education and role models to the practice of medicine CH Halsted
Nutrition Education Consortium, 1998). Simultaneously, the ASCN has proposed a joint initiative of federal and private sectors to support the career development of future faculty leadership in clinical nutrition, with the ultimate goals of assuring the presence of a Physician Nutrition Specialist (PNS) in every U. S. medical school (Jensen et al, 1998) . As conceived, the PNS will be trained and certi®ed in clinical nutrition and will be appointed in one of the primary care departments of the medical school. As a role model of the academic clinical nutritionist, the PNS will be responsible for the implementation of a clinical nutrition curriculum for medical students, residency, and postgraduate training programs, developing research programs in nutrition sciences, and providing leadership to outpatient and inpatient clinical nutrition programs. With 126 US medical schools, this is clearly a multi-decade program that will require identi®cation of many more clinical nutrition specialists than now available, extensive funding support from government, academic societies, and industry, and institutional commitments to permit faculty positions, new curricula, and new training and clinical programs. At present, it is more realistic to view the PNS program as a long range goal, initially starting with limited objectives of visible demonstration programs that will build on more comprehensive and larger programs at multiple sites. Speci®c objectives can provide a blueprint to the full integration of nutrition into cost effective medical practice.
Clinical nutrition education
Clinical nutrition education should be implemented at all levels, including the required curriculum for pre-clinical medical students (Table 2) , elective practical experience for students in their clinical years, and full integration of clinical nutrition training through the incorporation of 2 ± 3 month inpatient and outpatient rotations into postgraduate residency training programs for primary care practitioners in medicine, pediatrics, surgery, and family practice (Table  3) . Fellowship programs that include a minimum of 1 intensive clinical year of inpatient consulting and outpatient care and an additional minimal 1 y and optimal 2 ± 3 y of research should be implemented at medical institutions with strong clinical and research programs in clinical nutrition, for example those holding Clinical Nutrition Research Unit center grants from the NIH or analogous support from private foundations. To assure an optimal training experience, these programs must provide a minimal core of 3 ± 4 faculties with clinical nutrition training and ongoing funded research programs. Successful certi®-cation by the American Board of Nutrition with passage of comprehensive basic and clinical nutrition components of their rigorous examination should be considered the standard of success of the fellowship training, with the goal that successful diplomates would go on to become future PNS leaders who will develop clinical nutrition education and training programs at other academic institutions.
Clinical programs and clinical trials
As clinical nutrition moves into the mainstream of medical practice, its full acceptance requires indisputable proof of its relevance and ef®cacy. For example, while great progress has been made in understanding the genetics and pathophysiology of obesity, this remains a disease of frustration with increasing incidence and elusive cures (Expert Panel, 1998) . While nutrition support has become the standard of care in many institutions, proven ef®cacy has only been established for a few clinical conditions such as maintaining life in patients with the short bowel syndrome and is surprisingly absent in its most common use of support of patients with critical illness (Klein et al, 1998) . In the absence of physicians trained in nutritional support, this treatment modality is often prescribed as simply another pharmaceutical therapy by many practitioners. These examples and many others in clinical nutrition beg for well funded multicenter clinical trials. Further, the US Joint Commission on Accreditation of Health Organizations (Joint Commission, 1997) has addressed the problem of proper provision of nutrition support with the new standard of physician led teams of pharmacists, nurses, and dietitians to assure accurate nutritional assessment and appropriate decision making. Yet, the ef®cacy of accreditation standards demands quali®ed PNS leaders, whose availability will require long term implementation of educational and training programs.
Adapting to managed care
How clinical nutrition adapts to the new imperatives of cost effective managed care medicine will ultimately determine its future acceptability and signi®cance to medicine and health. The topic of a recent ASCN symposium, the effective practice of clinical nutrition in the managed care environment is possible given a well structured health system with a large referral base to a tertiary center, an effective physician led nutrition support service that provides nutritional assessment and careful selection of patients for costly therapies, and strong institutional support that is prepared to reward outpatient nutritional assessment and preventive approaches towards the effective dietary management of patients with common diet related diseases (Jensen et al, 1998 ) Although yet to be tested and fully implemented, this multi-tiered system of assessment and care provides a model for educating practitioners through institutional newsletters and continuing medical education courses, as well as for attracting and educating the public on the value of appropriate diet and effective clinical nutrition care.
